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Abstract

Two variations of Image differencing were compared. The
first was based on unsupervised classification, repeated five
times, using five sequentiol deate-poivs of difference images
between 1972 and 1993, Referred to as merged image differ-
encing, this method required merging the resulls from five
sepdarate time intervals into a single map-of forest harvest ve:
tivity. The other method involved a single unsupervised clag:
sification of the full sequential difference image data set, and
was referred to as simultaneous image differencing. A thor-
ough harvest map error assessment using un independent
referenve dalabuse wos compared to two methods of assess-
ment bused on visual interpretation of the Landsat data used
to develop the difference images. Hesults indicate that har-
vest aobivity was mapped vsing merged fmage differencing
with greater thun 80 percent qeeuracy. and thal visoal meth-
odks of prror assessment using the Landsal mages gove
nearly identicol results with those of the independent refor-
ence data. Simultaneous image differencing resulted in o
map that wis consistent with merged image differoncing,
and was considerably more costeffective-to implerient,

Introduction

Harvest of mature and old-growth forest and subsequent cone
version to voung forest in the Pacific Northwest region of the
Uinited States has been s contentions tssue for well overa
decade. Thi challenge bas been 1o balance ecotninic neads
with s variety of ecological considerations, including sustain-
ability of viable habitats for indigenous plants andanimals,
needs for clean, abundant water, and fluxes of greenhouse
gases. This debate has stimulated several scientific studies by
federal and other apencies and special interest groups to pro-
vide information needed by policy and law makers (USDA,
1095 USDA & USDL 1994k OF fundamental importance 1o
thisse stivdies is map-based vegetation date, Including current
forest cover-and recent forest harvest activity,

There have beén several independent efforts to wap for
est cover-in the reglon (e.g., Mordson #f al,; 1991 Congalton
ol al., 199%; Cohen et al., 1995}, with several efforts ongoing
to-produce consistent, full spatial coverage vegetalion maps
from Landsat s imagery For much of the region's forest
land: Studies using Landsat magery to map harvest activity
inelude those of Thomas et al. (1993) forthe Olympic Penin-
sulacin the State of Washington, and Gregiet alo [1994]) fora
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52.000-ha area containing the Portland metropolitan region.
For the latter study, twe dates of ™™ imagery were used in
conjunction with an image differencing algorithm. Although
therd was no-substantive effort to independently assess map-
ping errors, a central conclusion from this study was that
forest harvest activity could be mapped in a straightforward
manner using an boage differencing algovithm, The primary
reason for this was that clearcut harvest areas exhibited sig-
nificantly greater reflectance change than did any other type
of vegetation change identified. The study by Thomas et al.
(1993) used three dates of Landsat imagery (MSS and presum-
ably T™) to map forest harvest, but the methodological de-
tails do ot indicate how these data were dnalyzed, or
whether there wis any assessment of mapping errors.
Stidies From other regions also indinate that clearcut for:

st harvest activity can be readily detected with Landsat
datu. Skole and Tucker 19923, seeking & staightforward and
aceurate method, visually located and digitized polygons
around harvested units from hardeopy output of individual
dates of v imagery: Tor the Amazon, Sader and Winne
{1992] stmultancously projected three dates of MOV nages
{derived fromeMagand T datal from the State of Maine
through a video monitor’s red, green, and blue color guns,
Using a modified parallelepiped classification algorithm, and
color additive theory, they interpreted and labeled a subset
of color classes as harvest units. In Guatemala, Sader (1995)
used o thrasholding procedure ow a twosdate Ty difference
image to isolate three biomass change categories: stable, in-
croass, and decrease. For all of these studies, vrior assess
ments were minimal. This was either because of difficult
logistics (i.e., the sites were remote and aerial photography
limited} or interpretations during the analytical phase were
congidered to be virtually snenibiguous {Le., harvest unils
were easily detected).

A partol s carbon fluxemodeling and mappiag project
(Cohen et al., 1996}, we are developing maps of forest har-
vest activity between 1972 and the near-present using Land-
sat data for all land between the Pacilic Ocean and the crest
of the Cascades Range in the states of Oregon and Washing-
ton. Because these maps will be made available to the gen-
eral public, and are likely to be used for addressing a variely
of contentious resource management issues outside of our
own project, it is crucial that the maps developed be accu-
rate, and that a credible means of assessing errors be devel-
oped. This is no simple task, given that there are over 14
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million ba of forest land in the project study area. As such,
methods for mapping and error assessment must be relatively
easy 1o apply-and efficient 1o implement.

Objectives and Study Area
The study repaited here is based on a 1.2-millionha area in
the contral Oregon Cascade Range [Figure 1], This area has
been the focus of ourefforts o develop and test vegetation
atcd parbon flux mapping methods using Landsat data for-all
of western Uregon and Washington [Cohen et al., 1995 Co:
hen et al., 1996). The area is representative of the full region
of interest in several ways, including proportion of total land
area that is forest, trends in harvest volume since 1972, and
volume harvested per bia of forest land [Colen ef al., 1996}

Forest lands of the Pacifie Northwest region are owned
and managed by a variety of public ageneies and private in-
dustrial and non-industrial interests. The 1.2-million-ha area
of this study is representative of that ownership mix (Figure
1) This area-consists of much of the Willamette National
Forest [F8], numerous tracts of other publicly owned forest
land (pes), large tracts of privately owned forest land, pro-
tacted areas, and sgricultural land. Many of the major torest
types of the central and porthern Cascade Range are repre-
senited, inchiding the western hemlock/Douglas-fir, Pacific
silver fir, and mountain hemlock forest zones (Franklin and
Dyrness; 1988). Dense stands of western hemlock/Douglas-fir
forests dominate the lower elevation range from the Willam-
ette Valley fringe, at approximately 315 m to between 1100
moand 1250 m, with the other forest types dominating at
higher elpvations. Agricultural tands predominate below 315
m elevation,

The shisctive for this study were

% Develop a method to map clearcut forest harvest activity that

is efficient as well as avcorate. The spevific change detection

Tasee 1. Ivaces Useo ror Forest Hasvest Mapping,

Bate Sensor Seene 1D#
02 Sep 1972 MBS B1041 18265500
16 Tul 1976 MES 8254118082500
19 Jul 1984 MBs 5014018254
31 Ang 1988 Tt 5164418471
07 Jil 1991 ™ H208418193
29 Aug 14993 T B40BL005-01

method invelved way image ditferencing [Coppin.and Bauer,

19496}, but the algorithm was used in two disticet ways. The

Hrst was an analvsls of five soparate date-pairs, the results of
which were merged into a final harvest map. This method
was termad nerged Tmoge differencing. An alternative ap-
proach, Yermed simullaneous image differencing, was to ang-
lyzethe full temporal dala set stmultaneonsly,

® Uhatacterize errors in @ cleareut harvest map devived from
Landsat data: This included comparisons ol the harvest map
with s independent vector database containing forest stand
historival information, and by two methods invelving visual
inspection of all single date images that were used in the im-
ape differencing alpodthm, Because using s vector database
[ e sven exists] can be logistically difficult and potentislly
costly, the intent was 1o determing if visual inspection mieths
ods using the Landsat date give results that are consistent
with wse of this independent database.

Methods

A ol total of six Landsat images were used in this study to
detect forest harvest activity between 1972 and 1993 {Table
1), Initially, merged image differencing was the only method
to be tested and, for the 1.2-million-ha area under investiga-
tion, all six images were used. Upon completion of the ini-
tial analysis, & more efficient procedure was sought, sud the

Figure 1. Study area for the work reported here, shown within the context of
the full 14-millionhectare area for which methods will be later applied, Also
shown are ownership and elevation data for the study area (£5 = UsDA For

est Service; BIM = (st Bureau of Land Management).
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simultaneous image differencing approach was devised. At
this same time, it was apparent that funds were not available
to purchase and process 1993 images for the full 14-million-
ha forest area associated with the larger carbon Hux project
that this study was a part-of. Thus, for the simultancous im-
age differencing approach, the temporal extent of the analy-
sis was reduced, and the 1993 image was not used,

The 1988 T image was made available for this study in
precision geocoded (25-m cell size) format, and all other Mss
and-Ta images were georeferenced to' it using 36 ground
contral points. All georefersnced images were resampled to
25 m using a maximwm second-order polynomial, with less
than 1 pixel RMSE, The resampling of M88 images to 25'm
was a matter of convenience, but this did not increase the ef
fective resolution of the data. The 1.24nillion<ha study area
was subset from the full muolti-date image deta sel. Water
bodies and areas below 315 m elevation [the level below
which agricultural activity predominates), ss determined
from  digital elevation model {Figure 1), were masked from
the images. Although radiometric normalization of multi-
temporal dmage data sels, to account for differences in atowo-
spheric snd lumination conditions, is recognized as
importaot for digital change detection, no such. corrections
were made in this study. The effort/cost required for radio-
metric normalization was vonsidered greater than the ex-
pected benefit, given that the “signal” from the type of
change sought, forest 1o non-forest, was expected to be signif-
ivantly greater than the “noise” that was not compensated
for. Although there likely was some residual change detec-
tion error associated with not having normalized the images,
visual inspection of the images confirmed that the signal
frovu harvest activity was far greater than any noise due to
variable atmospheric and illumination sngle conditions
among dates,

AllMSS date were transformed into the M88 Tasseled
Cap brightness and gresnness vegetation indices (Kauth and
Thomas, 1978}, and all T™ data into T Tasseled Cap bright-
ness; greenness, and wetness indices [Crist ¢f ol 1986). This
choice of spectral variables was based on the fact that conifs
erous forest stands of the Pacific Northwest have high leaf
area index, causing them to have low brightness and high
greenness and wetness relative to forest clearcuts (Cohen et
al.,1995) Thuos, the main impact of forest harvest on ground
scene reflectance wouald be an increase in harvest patch
brightness and a decreass in greenness and wetness, Bright-
ness and greenness (and, for TM; wetness) difference images
were created for gach time interval by subtracting the older
image from the more recent image (Lo, 1976-1972, 1084~
1976, 19881984, 19911988, and 19831991}

Merged Image Differencing

Muap Development

Merged image differencing involved evaluation of individual
date-pair Tagseled Cap ditference images, the results of
which were merged into a single map representing harvest
activity between 1972 and 1993, Because the firet three date
intervals involyed M5S data, only brightness and greenness
difference immages were analyzed. For the latter two intervals,
both involving only T™ data, brightness, greenness, and wet-
ness difference images were analveed, Difference images for
sach interval were subjected to s statistical clustering algo-
rithim (Le., unsupervised classification). Interpretation and la-
beling of clusters was accomplished solely with the aid of
visual interpretation of original, interval endspoint Tasseled
Cap dmages. Clusters wers initlally labeled ag “forest-har-
vested,” “forest-not-barvested,” or “confused.” Confused
clusters wore lteratively reclustered, using the cluster busting
technique of Jensen ef al. (1987}, until confusion was mini-
mized, After sach date-pair difference image was segmented
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into Torest-harvested and forest-not-harvested, they were
combined {i.e, merged] usinga 615 overlay operation. The
forest-not-harvested class consisted of forest areas that were
ohservad to undergo no severe disturbance, or that had ex-
hibited suceession from one forest class to-another (e, an
area of earlyv-successional brush condition that became a con-
ifer forest),

Theresulting harvest map had two obvious sources of
error: error due to spatial misregistration of the multitempo-
ral data set, and ervor tue to a transitory snow zone in the
high, nonforested mountains. To minimize the effects of mis-
registration, the map was smoothed using a 7 by 7 majority
filter. Although a smaller window size muy have been sulfi-
cient for this, a 48-pixel window also tended to eliminate
classified harvest units thal were below an expected mini-
musi size of about two hectares. Errovs in the snow zone
were minimized by using serial photos to assist in precisely
locating the non-forest snow zone and then relabeling all
pixels within that zone to ponforest. There were no forested
areds containing snow in any of the images. All agricultural
lands and water bodies originally masked from the images
were also labeled as non-forest. All images used were free of
clouds.

Map Error Assessments

Thret different methods were uged to quantify errors:in the
harvest map: The first involved an independent vector data-
base, whereas the second and third involved visual interpre-
tation of input Landsat images. One visual interpretation
method was patch-based, whereas the othér was pixel-based.
The non-forest class was not sampled during the frst two
procedires.

INDEPENDENT VECTOR DATABASE

Historic forest stand inventery and management data were
sought for comparison with the harvest map. The Willamette
National Forest of the USDA Forest Service does not maintain
a digital database coptaining this historic information, and
obtaining records for individual clearcut units from folders
i various file cabinels at district offices was an undesirable
option. Forest data of the USDE Buresu of Land Management
(REM) are maintained at disteict offices in a common 015 for-
mat; These data from the Salem and Eugene Districts Offices
were made available for this study, which suabled assess-
ment of map errors throughout the full northesouth extent of
the study area (Figure 1). Forest land in the eastern portion
of the study area are primarily Forest Service lands and,
thus, were not veprasented in this databage. The minimum
forest stand size in the BLM forest database is 2 ha; Con-
taiped in the digital files for sachostand are a georeferonced
polygon and & number of fields that could be used to deter-
mine i, and when, the stand was clearcut. These are “denu-
dation date’and Pyarding date,” associated with harvest,
and “birth date,” associated with date of planting following
harvest,

Initially, assuming the database to be 100 percent cor-
rect, only the denudation date was used for selection. There-
fore, from the district databases, stands with denudation date
values between 2 September 1972 and 29 August 1993 {the
timie period of this study, as per Table 1) were selected, A
preliminary assessment indicated that some 40 percent of the
mapped harvest patches were not represented by stand poly-
gons selected from the BLM database. A possible explanation
was that some BUM stands had bBeen harvested, but their pal-
ygons had not been assigned a denudation date. Conse-
quently, the database was searcheéd again, this time for a
yarding date and birth date. The number of selectad stands
increased by over one-half.

A pumber of digital methods for comparing the mayp

Aprit [avg 295

2014-919500009128



with the vector datubase were attemipted, The method found
tu be most effective was to use 4 GIS operation to lodate the
contivids of BLM harvest polvgons, overlay these on the hai-
vest map, and count the number of harvest patches contain-
ing a centroid, the pumber of patches riot containing a
centroid, and the number of centroids not falling within a
patch. For each pateh the date fnterval was nioted, and for
eacl centroid the date was noted. This procedure allowed
for slight spatial misregistration errors between the data sels,
eliminated the oceurrence of polygons in the BLM database
intersecting more than one pateh in the harvest map, and
permitted an error assessment by harvest map time intorval,

VISusL PATCH-LEVEL INTERPRETATION OF Lasnsat Ivaces

Six harvestanap subaress of 2500 ha (200 by 200 pixels) of
mixed ownership were chosen to Fepresent various ferrain el-
avations and culling patteris. Foreach subares, the six origh-
nal Tasseled Cap brightness and greenness (and wetness
where applicable} images used 19 create the difference im-
ages were displayed. Without reference to the harvest map,
all patches visually fnterpreted as harvest during a given
time interval and groater than 2 ha were digitized. For ged-
graphic consistency, all digitizing was dowe vver the origingl
1993 imagn, A total of 196 polygons were digitized, ranging
from 12 1o 55 polygons per subuarea. Total area of digitized
polygons was compared to harvest map area on both subarea
and time interval bases,

Visuar Proae-Livin Tommapriration o8 Lanpsat Tvaoss
A total of 250 individual pixels were randomly sampled
withoul replacement from the harvest map, equally divided
between the forest-harvested and the forest-not-harvested
classes. Bach pixel from the forest-harvested sample had »
mapped harvest time interval associated with it, which per-
mitted an evror evaluation by time fnterval, The six origingl
brightness and greenness (and wetness where applicable) im-
ages that were used 1o create the difference lmages were
compared for evaluation of the 250 sample pixels. This com-
parison involved a-sinple, visual interpretation for each
sample pixel of the type of change, ifany, that occurred. The
individoal pixels were sxamined in thé context of neighbor
ing pixels, b the map label for sampled pixels was uns
known during this procedure. When visnal interpretation
indicated harvest, the interval of harvest was noted.

Approximately 5 percent of the 250 sample pixels fell
along a lorest/clearcul boundary. Although the harvest map
wag smoothed, the original and difference images used to de-
velop it were not, Thus, when these images were inspected,
slight misregistration among the dates of imagery made de-
termination of foresthurvested versus forest-not-harvested
difficult for these boundary pixel samples, and these pixels
were exclhuded from the error analysis,

Sinuitaneous: Image Differencing
Map Development
The merged image differencing approach involved the devel-
opment of single tmesinterval maps thal were subsequently
mexged into a single harvest map, As such, iterative statisti-
cal clustering and labeling had to be repeated for each time
interval. To reduce the number ol steps required to map for-
est harvest activity, an alternative, simultaneous image differ-
emcing method was used. With this approsch, Herative clus-
tering and labeling were done only once for the whole
temporal set of ditference images. Although simulaneous
image differencing represented a potentially significant time
savings, the potential for error may hiave been greater:

For this study, a second harvest map was created for the
same gronvid ares using the simultaneously image differenc-
ing approsch with the four date-interval difference tmages
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between 1972 and 1991, As wetness does not exist for the
Mss data, only brightness and greenness difference images
were included for all intervals, The same statistical cluster-
ing procedure used for merged image differencing was used
here. Also; as cluster labeling was based on visual interpreta:
tion of original Tasselad Cap images, harvest activity was la-
beled by time interval,

Map Agresment

Rather than repeat the error assessment procedures used for
the original harvest map, the level of agreement between the
twoharvest maps was evaluated. If the two maps exhibited a
high level of agreement, then it was safe to assume that, be-
tween the two maps, errors were similarly distributed among
mapped classes. Agreement was chameterized in two ways:
(1) based on overall area harvested and (2) based on a spa-
tally explicit, pixel-by-pixel comparison using a map over
lay function. For this comparison, the forest-harvested ¢lass
from the 1991-1993 time interval of the merged image differ-
encing map was relabeld to forest-not-harvested.

Results and Discussion

Merged image Differencing Harvest Map

OF the dotal 1.2-millon-ha study ares; 897,939 ha were
mapped as forest land, 14.7 percent of which was harvested
between 1972 and 1993 (Plate 1}. This translates to a cutting
rate of 0.7 percent per year. Patterns of cutting are strongly
associated with land ownership category (Flgure 1) On pri-
vate forest land, individual clearcuts tend to be larger than
on:public laads, and are spatially agaregated pver time,
Clgarcuts-on public lands generally ocour as individual
patches, resulting in o fragmented appearance. Ao in-depth
analysis of harvest activity in the region is the subject of a
follow-on paper.

Error Assessments

InprpenpENT VECTOR DAatanase

0Of 982 total observations associated with the BLy data base,
97 percent involved harvest patches containing & centroid.
Four percent of these involved BLM centroid dates occurring
ane time interval earlier than indicated on the harvest map
{Table 2). There were no occwrrences of hatvest map time in-
terval preceding BLM polygon eentroid date. Thiis, on a times
interval basis, the havrvest map had ereors on the epder of 7
pereent.

Visuar Patow-Lever Inverpreramion o Laspsar Imaces
This error assessment was done on an area basis by compar-
ing polygons digitized sround visually interprited harvest
patches in the original Tasseled Cap magery with harvest
patches in the harvest map. Polvgon and patch areas wers
summed by subarea and by date interval, Results on a sub-
aved basis show that proportional differences between digi-
tized pulygons and harvest map patches were consistently
small [—6 percent to +2 percent) among subsreas when all
intervals were sigomed {Table 3} The saine was generally
true among individual intervals summed across subareas, exs
cept for a relatively large difference of +13 percent for the
1972-1976 interval [Table 4). This commission srror conld be
associated with the relative poor guality of early M55 data.
Another possibility is that areas harvested prior to 1972 were
rint detected as harvested until alter 1972, Harvested units
are often burned prior to planting, which would cause them
to-have low brightness similar to older forests. Nomally,
within a two-to-three year period, these units become signifi-
cantly brighter than surrounding forest areas, as the bumed
material becomes covered by regrowing early-successional
vogetation. When visually interpreting the original Tasseled
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Cap images, the distinction between burned clearcuts and
older forests is clear, butin a difference Tniage, this is wot
the case. Overall, across subareas and time intervals, total
aren of harveston the map differed by less than 1 pesreent
from the hand-digitized area,

Of the 260 pixels sampled, three fron s 4
vested sample and ten of the forest-harvested sample foll
along the forest/clearcul boundary and were not ipchided jn
the error-assessment, OF the total number of phels remaining
that wore classified as Torest-harvested, 90 percent [104/115)
were harvested during the time interval mapped (Table 5],
Seven percent ol the pixels classified as torest-harvested dur-
ing a given interval (8/115) were actually harvested one time
interval earlive. This wag doe o clesrcuts that had been re-
vently burned, as desoribed in the last section. Two percent
(37115} of the pixels mapped as harvested were actually not

Tamce 2. Resuors prom Compamison of tHE BLM VECTOR DATABASE WiTH THE
Wencet sce Disrerencing Hanvest Map,

Nignber of

Chptoome Obsorvations

Agreement 915 a93.2
Retorence enrlior-than map 35 38
K later thay map o 0.0
Mo relerence polyvgon 24 g
Mo mapped patch i} 0.0
Totals 82 1000

harvested, but had apparently experienced vegetation pheno-
logical changes that caused them to be mapped as clearcut.

Of all the sampled pixels mapped as non-harvest, only
ane percent were actually harvested. These were in very
small clearcuts that had been originally mapped as harvest,
but word aliminated durisg the smoothing process.

Forest Harvested
1ea1.4903 B
1485.16%1
1584.1568

18756-1984.
1872-1976

interval.

B voresiNot Harested

Plate 1. The merged image differencing harvest map showing areas harvested by time

20
SRS S
Kilometers
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Taste 3. - Cowmparison, By Sus-Ares, orF Torar Ares Disimzen on tHe MegaGen
sae Dirrerencing Hagvest Map 1o Area Dismizen on TM Imaces,

Mo of
Polygons Digitized Harvest Map Percent
Sub-aren Digitized Aren (hal Aren (ha) Difference
1 12 260 262 =22
A 42 644 633 o
3 45 375 354 5.6
4 15 262 249 =50
5 55 487 471 |
L 3r 1751 1791 +2.3
Torals 196 3787 3760 =07

Combining the results for forest-harvested and forest-no-
tharvest pixels, errors in the map ave less than 6 percent (104
forest-harvested pixels plus 112 forest-not-harvested pixels
divided by 237, the number of pixels sampled not falling on
s clearout/forest boundary). lgnoriag time interval, errors
were less than 3 percent {this connts the burned clearcut to
bright clearcul as correct).

Simultaneous Image Differencing Harvest Map

Agreement between the simultarieous image differancing har-
vest map-and the merged bmege differencing harvest map
was evaluated in two ways. On a total area, non-spatial ba-
sis, by time period, the difference in detected harvest activity
varied from ~0.4 percent to +1.6 percent (Table B). Across
the full time interval from 1972 1o 1991, the harvest activity
representad in the simultaneous image differencing harvest
map was only 0.8 pereent more than that represented in the
merged image differencing harvest map.

O spatial basis, agreement between the two maps:is
illustrated in Figure 2. Overall, across time periods, there
was 82.5 percent agreement between the two maps that 12.1
percent and 80.4 percent of the forest ared was harvested and
nonharvested, respectively. A decrease of only 1.7 percent
agreement was attributable to temporal ervor; Le, overall
agresment in hoth Hie and space was 90.8 percent.

Summary and Conclusions
This study sought to map clearcut harvest activity in the Pa-
cific Northwest region of the United States in an accurate
and efficient manner using historic Landsat imagery. Two re-
lated image differencing methods were tosted. One method
was based on unsupervised classification, repested five
times; using five sequential date-pairs of difference images
(referred to a8 merged image differénicing). The results were
then merged into a single map of forest harvest activity from
1972-1993. The other method involved a single unsupervised
classification of the full sequential difference image data set,
and is referred to as simultaneous image differencing,

Other studies have indicated that clearcut logging can be
readily detected using Landsat imagery, mainly because this
type of cover change o forest lind is expressed as a large

Tapk 4, -Comprmson, gv TiIME INTERVAL, OF TOTAL AREX DIGITIZED ON THE
MERGED IMAGE DIFFERENCING HARVEST MAP To Apea Diirizen on ' TM Inaces,

Tage 5. Visual IMrerPRETATION OF TYpE oF ForesT CHANGE FOR SAIPLED
Pixers CrassiiEp a5 FOREST-HARVESTED ON THE MERGED IMAGE DIFFERENCING
Harvest Map, GIVEN ARE NUMBERS OF Pis, BY Time PEROD 10 WHIGH THE
Sampies Wene MappEn. Forpst 10 CLeancut Represents CorresT
CLASSIFICATION WITHIN THE STaves Tive Intervar. Burnen Clearcut 1o Brigar
Creapour Represents MiscLassipcarion wiry Reseecy 1o Tive Intesvar, in
Tear THESE Saveies Are FROM Areas THat Wene ForesT ConVERTED TO
Cueancir, Bur Trar Were Nor Devecyen as Cleancur Unrie Ong Tive
Irrerre. Laver. Trus, v Tive Intesvar s lonorep, Tris Tyee of Ernonr Doks
Notv REpRESENT MISCLASSIFIGATION . PHENOLOGICAL CHANGE REPRESENTS AREAS
Trar Wene noT CLEARCUT, BUT THAT Were Mapren 45 CLEARCUT BECAUSE OF
UBSERVED SPECTRAL CHANGE,

18724 1976« 10984~ 1688 1001- 1672
Type of Change 1976 1984 1988 1991 1993 1993
Forest to clearat 17 19 30 15 23 104
Burped clearcut to bright
claarcut 4 2 1 0 1 &
Phenological change o o 1 1 1 3
Percent eorrect &1 a0 94 G4 9z 17}

spectral contrast in-a temporal image data sel. However,
none of these studies substantiated this claim with a rigorous
error assessment. This study conducted a thorough harvest
map ‘error assessment using an independent roforence datas
hase, and compared these results to two methods of assess-
ment based on visual interpretation of the digital image data
used to develap the difference images. One visual method
;::ag based on harvest patches, whereas the other was pixel-
ased.

Comparison of the merged image difference harvest map
with the independent reference database indicates that,
across the full me period from 1972 1o 1993, an overall ac-
curacy of 97 percent was achieved. However, 4 percent of
this 87 percent was mapped as having been harvested one
time interval earlier than the reference data had indicated.
The visual patch-based interpretation of harvest ared indi-
cated that the harvest map contained 1 percent less harvest
area than was actually harvested betwesn 1972 and 1993. On
a time-interval basis, however, the harvest map and the re-
sults of visual harvest patch interpretation differed between
+13 percent and —3 percent, The pixel-based visual error as-
sessment indicated that the harvest map was 94 percent ac
curate, on a ime-interval basis. Three percent of this error
was associated with burned clearcuts that caused classifica-
tion of harvest to be delayed by one time interval. Thus,
based on the pixel assessment across the full time period
from 1972 to 1993, the harvest map was 97 percent acourate,

Taken together, sach of the three error assessments on
the merged image difference harvest map indicate that clear-
cut harvest activity was mapped using Landsat data with an
acecuracy in excess of 90 percent. Of the less than 10 percent
error observed, several percentage points were associated
with a time interval ervor, Of these, the greatest errors were
associated with the early time periods for which M85 data
ware used. That all three assessment methads gave similar
results, is @ very important point. For situations where inde-

Mo of Tapee 8, - Percent or Forest Lanp Hasvesten, By Tive PEriOD, AS
Diate Polygons Digitized Harvest Map Percent Rgmﬁmmm By EaCH OF THE Two Maps. ALso Gwmw Ang DiFFERENCES

Inferval Digitized - Ares (ha) Area {ha) Difference RELATIVE TO THE MERGED TEMPORAL HarvesT Map.
1972-1976 3 381 429 +12.6 o 1972- - 1676- 1384 -1068- 1072
1761084 Bz Tant 1457 B Harvest Map 197601984 - 1888 1991 1891
1984-1988 44 847 786 =72 Merged image difference 3.23 558 343 - 3.21 1545
1966:1901 40 862 866 05 Simultaneous image difference  3.08 522 505 290 16.25
199115493 14 216 N7 4.2

Totals 1496 4787 4760 (L7 Difference -G48 036 162 ~041 080
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[} -Agreement No Harvest

B Agreoment Harvest

B Harvest, Merged Map Only

{1 Harvest, Simultansous Map Only

Figure 2. Agreement between the merged and simultaneous image differenc-
ing harvest maps for g subset of the study area.

fh

i 1 |

Kilometers

pendent reference data-are tinavailable, a visual assessment
comparing the Landsat data to the barvest map is a credible
means of assessing map error. Moreover, even when such in-
dependent data are available, the cost of obtaining and pro-
cessing them may render ther an undesirable option relative
to visual assessment technigues.

The harvest mayp developed by sbmultaneous nnsuper-
vised classification of the full temporal image difference data
set had less than 1 percent maore harvest arsa soross all Hme
intorvals than did the map based on merging the results of
five separate classifications. The maps differed in harvest
area by less than 2 percent, forany ghven Hine interval, A
pixel-by-pixel comparison of the two maps indicated an
overall 83 percent agreement aeross Line intervals. The same
gomparison, by tme interval, reduced this agresment by 2
percent.

Because the simultaneous image differencing method in-
volves a single unsupervised classification procedure, i1 was
sonsiderably more efficient than the merged fmage differenc-
ing method that invelved one classification provedure for
each time ioterval evaluated. Given thal the map resulting
from the simultaneows method was less than vne percent difs
ferent in terms of mapped harvest area, and that on a pixel

PHOTOGRAMMETRIC ENGINEERING & REMOTE SENSING

by-pixel basis, the maps were exactly the same on 93 percent
of the map, the simultaneous image differencing method is
very efficient and thus cost-sifactive.
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